Wave functions for the normal configurations of neutral nitrogen and N~ have been cal culated by the method of the self-consistent field with exchange (Fock's equations). To the accuracy of the approximation represented by these equations, the N" ion would be unstable and liable to auto-ionization, but it is estimated that a better approximation of the treat ment of a many-electron atom would give a small positive ionization potentiakfor N~.
& Swirles 1939, referred to as I). In the present work, superposition of configurations was neglected, so that these equations are obtained by putting = 0 in equations (6) and (7) The values of the various F and G integrals (see I, § 2) and e-parameters occurring in the expression for the contribution to the energy from the (2s) ( From these quantities, the total energy of the (2s) (2 shell was calculated; the results are given in table 3. Since the values of some of the F integrals are multiplied by factors up to 8, the third decimal of the individual tabulated values is hardly significant, but it is retained since the calculated ratio of the inter-multiplet separa tions is probably reliable to an accuracy represented by 2 units in this place. Observed values of the ionization energy of the three states of neutral N are given in table 3. No calculated values are available for comparison, since no calculations were carried out for N+; the purpose of including these observed values is to give a comparison between calculated and observed inter-multiplet separations.
The general character of the results for neutral N is very similar to th a t for 0 + (see I, table 7); the calculated 2D -4S separation is slightly larger than th a t observed, whereas the calculated 2P -2D separation is about 50 % larger than th at observed, so th at the calculated value of the ratio (2P -2D)/(2D -4S) is 0-68, as compared with the observed value 0*50; to the accuracy of the calculated values, these figures are the same as for 0 +.
The results in table 3 show that, to the accuracy of the approximation on which these calculations are based, the N _ ion is unstable in the sense already defined else where (Hartree & Hartree 1938 , § 1), namely th a t it is possible to find a solution to the equations, but the total energy of the configuration is greater than th at for the neutral atom, so th a t the ion would be liable to auto-ionization. However, the calculated energy differences (N°, 4S) -(N-, 3P) is only -0*0641 atomic unit, and the results for oxygen suggest th a t this calculated value is likely to be too low by 0*08 atomic unit and probably more. Hence it seems probable th a t the lowest state, a t least, of N -is stable; whether the higher states arising from the normal configura tion are stable or not is quite uncertain.
These results emphasize the importance of using as good an approximation to the general form of the wave function of a many-electron atom as is practicable, in calculations referring to negative ions. Fock's equations for the self-consistent field with exchange do not form a good enough approximation for the purpose; it is probably necessary explicitly to include in some way the dependence of the wave function on the mutual distances r^between the electro occupying the outer wave functions such as the (2 wave functions of O or N . The development of a means of doing this which leads to a practicable computing process is very much required in this context.
Sodium (Na+)
Sodium was the first atom for which solutions of Fock's equations were evaluated, this pioneer work being done by Fock & Petrashen (1934) . Work on Na (Hartree & Hartree 1938 ) gave results for the core wave functions [(Is), (2 and (2p)] which differed from Fock & Petrashen's wave functions for Na+ by considerably more than was expected as a result of adding the (3s)2 group to form Na-, and considerably more, also, than the perturbation of the K + core on adding the (4s)2 group to form K . Further, the differences between Fock & Petrashen's results for Na+ and ours for Na-were rather irregular, and separate examination of the two sets of results traced these irregularities to the Na+ results.
Fock & Petrashen evaluated the solutions of the inhomogeneous differential equations for the radial wave functions with exchange by a method based on the use of the Green's function. This, while of course formally correct, does not seem the most suitable method for practical computation, and in view of the irregularities already mentioned, it seemed advisable to recalculate Na+ by straightforward numerical integration. This, it must be emphasized, implies no criticism of Fock & Petrashen's work which, because of its pioneer character, was necessarily done without previous experience of handling these equations, and was a considerable achievement. Since then, however, much experience has been gained in the course of evaluating solutions of these equations for other atoms, and it seemed advisable to revise the results for Na+ by calculations done in the light of all this experience.
The results are given in table 4, and show only small departures (0*002 a t most in PN) from those for Na-, though the values of e are considerably different on account of the contribution to the potential, in the region of the core of Na-, from the (3s)2 group. The differences from Fock & Petrashen's wave functions are, however, quite appreciable, up to 0*017 in P(2s) and 0*014 in P(2p). In view of the discrepancies from Fock & Petrashen's results, the work was done with particular care, and it is believed th at the present results are correct to the accuracy of the calculations.
The (3s) wave function for Na° was also calculated, taking the core wave functions tabulated in table 4; the result is included in table 4. I t was found th at to secure orthogonality of P(3s) to P(2s) a small but appreciable non-zero value of the non diagonal parameter 8a had to be taken (e^ 8a = 0*0045). Tables of results are given. Self-consistent f i e l d , with e x c h a n g e , for nitroge 
